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SUMMARY
~ The aim of the work was to determine the working space and frequency range
limits of an anechoic sound chamber for accurate measurements of source sound
power and dirxectivity.

This was achieved by following guidelines in British Standard 4196 and
noting the decrease of measured sound pressure levels with increasing distance
from the source.

Results indicated that the chamber tested in this work was suitable for
measurements within 1.5 dB across a frequency range of 125 Hz to 20 kHz so long as
microphones are placed sufficiently far from the source and chamber walls. The
characteristics of certain source sound fields may lead to an increase in the
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1 INTRODUCTION

A fully anechoic, medium sized chamber has recently been relocated by the
Structural Dynamics division of the Royal Aerospace Establishment. As part of the
process of proving the facility, the working space and frequency range limits of
the chamber have been determined by means of meaguring radiated sound pressure
levels following guidelines in British Standard 4196 1, This work describes the
construction of the facility and presents the calibration procedure and the
results obtained. Some reference is also made to measurement guidelines laid down

in the British Standard and scientific literature,
2 CHAMBER DESIGN

In any enclosed sound €ield, there is a free field vegion in which sound
directly radiated from the source is dominant, and beyond this a reverberant field
which builds up by the continual reflection of sound off reflecting surfaces. An
anechoic chamber is designed to simuiate a free field environment. In orxder to
achieve an extensive free field environment, the walls of the chamber have to be
highly absorbent and to have high transmission losses to provide a quiet environ-
ment. The size of the chamber should also be laxge enouqgh to accommodate the

sound source and its sound field.

With regards to the chamber to be calibrated, the interior surfaces of the
walls are lined with 0.3 m long acoustic foam wedges, arranged with their adjacent
dihedrals mutually at right angles. The interior space of the chamber is 3.6 by
4.8 by 4.1 m £rom wedge tip to wedge tip. The side walls of the chamber are
0.52 m thick, and are constructed out of blockboard, a wooden framework, hardboard
and acoustic foam lining. The whole facility is housed inside a much larger,
brick walled, steel roofed, outer building. The dimensions of the chamber are
shown in Fig 1. The dimensions of a wedge and the wall sections are shown in

Figs 2 and 3 respectively.

With regards to ancillary facilities, a hole close to the side of the door
provides access for electrical cables and access space through the doorway
measures 1.94 by 0.77 m. Wooden floor beams of 9.0 by 4.5 cm section and five
holes in the roof, provide points at which suspension cables can be anchored.

Lighting is provided by four, 150%W, bulbs at the four corners in the roof.
3 MEASUREMENT PROCEDURE
3.1 Basic technique

If a sound chamber is anechoic and no sound is reflected off its walls, the

intensity of the sound remote from the source should decrease with distance from
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the souxce according to the inverse square law. The rngion in which this inverse
square law is obeyed lies in the free field, and it is .n this region where the
sound power and directivity of the sound source can be conveniently detexmined by
measuring sound pressure. In this work, working space limits of the chamber werxe
established by means of plotting meas).red sound pressure levels against distance,
and highlighting positions at which differences between measured levels and levels
predicted from the inverse square law exceeded tolerances defined in BS 4196 1.

In calibrating the chamber and analysing the results, guidelines laid down
in Annex A, ‘Test room qualification procedures', in BS 4196, Parxt 5 ! were
closely followed. One guideline not followed however, stipulated that the micro-
phone should be continuously moved away from the source. In the tests carried out
in this work, the microphone was moved away in discrete steps. An argument for
the British Standard quideline is that at high frequency, maxima and minima of
sound pressure due to the excitation of aceoustic room modes, can be very tightly
packed. To ensure reliable checking, the spacing between measurement points would
have to be impracticably small, and hence continuous measurement is recommended.
However, subsequent analysis of the results indicated that for this chamber, the
influence of room modes rapidly decreases with frequency, and the spacing between
the discrete measurement points is such as to define accurately the maxima and
minima present at the low frequencies. Hence the fact that pressures were

measured at discrete points should be of nc consequence.
3.2 Test asource charactarittics

At sufficiently large distances from any finite source region radiating into
a free field, the fluctuating pressure and velocity of a radiated sound wave are
simply related as in a plane wave travelling away from the source. As the source
is approached from any given direction, departures from the plane wave relation-
ship are generally observed, and sound pressures no longer obey the inverse square
law. This region, close to the source, is known as the source near field. 1In
order to be able to distinguish between the influence of source and chamber
characteristics, the near field surrounding the source must not encroach on the
reverberant field close to the chamber walls., Hence it is desirable for the test
source to have a small near field. Since the size of the source near field gener- .

ally increases with source size, the test source should be as small as possible.

A small source not oniy has a small near field but also tends to radiate
sound equally strongly in all directions. As frequency increases and acoustic
wavelength decreases, the acoustic wavelength approaches the size of the source,

and the source may radiate sound much more strongly in some directions than in
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othexs., Directional sources are undesirable because measured results would not
properly account for reflections off all the walls, and measured sound pressure
levels would be sensitive to any slight deviation the microphone path took from a

straight, radial line.

Unfortunately very small sound sources are not very efficient radiators of
sound, particularly at low frequencies where background sound levels can be rela-
tively high. 1In order to generate sufficiently high sound pressure levels at all
frequencies of interest, the chamber in this work was calibrated using a number of
different sources. Extensive measurements were carried out using the High Fre-
quency Unit of the B&K Isotropic Sound Source, Type 4241. This source comprises
12, %2 inch dome speakers driven in phase and arxranged in tﬁe faces of a dodeca-
hedron of effective diameter 20 cm. The source radiated sufficiently high levels
of sound down to 100 Hz when driven by pink noise. 1In orxder to adequately cover
frequencies up to 20 kHz, measurements were also carried out using a single,

1 inch dome Goodmans Axent 100 High Frequency Loudspeaker and a B&K Reference
Sound Source, Type 4204. The latter generates sound aerodynamically, and had a

fixed broadband sound power output.

Prior to calibrating the chamber, brief tests were carried out in the
chamber to measure the directivity of the sources when driven by a pure tone at
discrete frequencies ranging f£rom 500 Hz to 10 kHz. The sources were mounted on a
B&K Turntable, Type 3921, and sound level output was recorded on polar plots using
a B&K Level Recorder, Type 2305. The results indicated that if the microphone
path was to deviate from a straight line during a radial traverse, sound pressure
level variations due to souxce directionality effects would be most pronounced
when using the B&K Isotropic Sound Source. For example, at 5 kHz, rotating the
1 inch dome speaker through 5 degrees about its principal axis, (which is
equivalent to a maximum deviation of 8.7 cm of the microphone along a 1 m long
path) resulted in less than a 0.5 dB variation in sound pressure level. For the
Isotropic Sound Source, sound pressure levels varied by s3 much as 5 dB through
5 degrees at 5 kHz. Although the directionality of the B&K Reference Sound Source
was not measured, measured data published by B&K? indicate that over the ' octave
band centred on 6.3 kHz, radiated sound pressure levels for a 5 degree rovation

ould vary by less than 1 dB. Polar plots recorded at 5 kHz using the B&K
Isotropic Sound Source and the 1 inch dome speaker, are shown in Figs 4 and 5

respectively.
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3.3 Source mounting

The B&K Isotropic and Reference Sound Sources were mounted on a 1.8 m long,
5 cm diameter, steel pole anchored to the floor. Three inch thick, acoustic foam
matting was wrapped around the pole along its complete length to reduce the effect
of sound reflections off the pole.

The 1 inch dome speaker was suspended from four directions using 26 SI°G

guage, stainless steel, piano wire.
3.4 Microphone suspension

Iﬁ order to be able to measure sound pressure levels which decrease in
accordance with the inverse square law of distance from the source, the microphone
has to be situated in a free field environment and follow a straight path from the
source to avoid source directionality effects. Hence, reflections from any micro~
phone support structure must be minimal, and the measurement points must lie on a
straight line. To achieve these two conditions, the microphone was clipped to a
piano wire extending from the source to an anchor point at the end of the trav-
erse. Attachment of the microphone is shown in Fig 6. 1In order to isolate the
microphone preamplifier electrically from the wire, several layers of masking tape
were wrapped around the preamplifier. A turnbuckle at the anchor point was used
to tighten the wire until no deviation of the wire from a straight line could be
detected when viewed at eye level from one end. Such a procedure was thought to
reduce any source directionality effects on sound pressure level to less than
1 dB. This check was repeated after completing the microphone traverse. Brief
tests revealed that measured sound pressure levels, with and without the 26 SWG
gauge wire in place, across 5 octave bands between 100 Hz and 20 kHz, changed

levels by less than 0.3 dB,

Such a method of suspending the microphone does not suffer from reflection
of sound off nearby supporting structure and enables measurements to be made both
close to the source and chamber boundaries. authoxrs who have presented work in
previous reports3~® on chamber calibration have used bulkier supporting structure
and make no reference to tha vicinity of the chambes boundaries when they state

deviations from the inverse square law,
3.5 Microphone traverses

The microphone was traversed along eight paths from the Isotropic Sound
Source, placed 0.4 m from the centre of the chambex, to an anchor point placed
close to each corner of the chamber. Sound pressure levels were measured at 16

points on each path. These points were spaced so ac to give equally spaced points

M MS 1136




-3
o S oot St

when plotted on a logarithmic scale of the distance from the geometrric centre of
the source. Distances from the speaker grill were measured using a tape measure )
for paths extending to the bottom four corners of the chamber. Distances of

points on the four paths extending to the root were determined by measuring the }
phases between a 1 kHz pure tone signal going into the speaker and the signal ‘
monitored at the microphone. Distances from the speaker grill .are calculated

from the acoustic wavelength, A , the phase angle, ¢, and the distance of a

reference point behind the speaker grill, d.; , according to the formula,

n + ¢) A
- cose— - d
% 360 e

where n = whole number of acoustic wavelengths.

The distance of the reference point behind the speaker compensated for the
phase delay introduced by the delay in the speaker reacting to its input signal,
and as shown in the above formula, had to be known in order to define the distance
from the source. The location of the reference point was estimated by measuring
with a tape measure the distance of the microphone from the source, when traversed
along a path extending to one of the chamber's bottom corners, and subtracting
these distances from distances calculated from the acoustic wavelength and phase
angle alone. For each of the 16 points measured along this path, estimates of the
distance of the reference point behind the speaker gxill, ranged from 3.8 cm to
6.6 cm and averaged 5.2 cm. Such a range in values yielded predicted distances of
microphone from source and subsequent sound pressure levels which differed by less
than 0.2 dB from levels which assumed a reference point 5.2 cm behind the speaker
grill., 1In subsequent analysis of the results obtained using this sound source, a

reference point at a distance of 5.2 cm was assumed.

In moving the microphone along the paths extending to the bottom of the
chamber, the microphone was simply slid along the wire by hand. In oxder to muve
the microphone along paths extending to the roof, a string was taped to the micro-
phone. The string was run to a f£ixing at the anchor point in the roof and dropped
to the floor. Pulling on the string then pulled the microphone along the wirxe.

By means of monitoring the phase read out on a digital Kemo, Type DP1l, phase

meter, the required distance from the source was obtained.

Figs 7 and 8 show the eight microphone paths extending from the BE&K

Isotropic Sound Source. In measuring sound pressure levels using the 1 inch dome
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speaker and the B&K Reference Sound Source, only one path was used. These are

shown in Figs 9 and 10 respectively.
3.6 Equipment used

The speaker sources were driven by pink noise generated by a B&K Sine Random
Generatox, Type 1027, Sound pressure was measured by a Y2 inch, free field, B&K
Condenser Microphone, Type 4133, and analysed by a B&K Digital Frequency Analyser,
Type 2131, to yield 5 octave spectra. In order to reduce random errors to a
minimum, an averaging time setting of 128 seconds was used. Measurements using
the Isotropic Sound Source could then be repeated uacross any band to within
0.3 dB. A schematic diagram of the source and recelving equipment is shown in
Fig 11,

4 DATA ANALYSIS
4.1 Compensation f£oxr background sound pressure lavels

Background levels were found to be less than 34 dB acros any '8 octave band
in the frequency range 100 Hz to 20 kHz and were a maximum at 100 Hz. Background
levels measured at the beginning and end of each mcrophone traverse were found to
bz at least 11 dB less than levels measured at the end of each traverse with the
source on. An 11 dB difference adds 0.3 dB to measured levels. No compensation
for background noise was made. A bar chart of typical measured background levels

is shown in Fig 12,
4.2 Compensation for variation in ambient tenmperature

One of the influences of temperature variation in the atmosphere is to alter
the speed of sound and hence acoustic wavelength at a given frequency. Tempera-
ture in the chamber was found to vary from 20°C to 29°C throughout the test
period, and could vary by as much as 4°C during a microphone traverse. Such rapid
temperature variations were thought to be largely due to heating from the chamber
lights. In calculating distance between microphone and source, acoustic wave-

length was calculated as a function of measured temperature.
4.3 Compensation for atmoapheric attenuation

In any enclosed Space, sound energy is not only absorbed at the boundaries,
but also in the air itself due to viscosity. Sound pressure levels in the chamber
were measured up to distances of 3 m from the source. Over this distance, sound
pressure levels have been calculated to be attenuated by about 2 dB at 20 kHz, and
0.5 dB and 0.3 dB at 10 kHz and 6 kHz respectively. These values were calculated

from curves of measured data presented by Kinsler and Frey9, and correspond to a
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relative humidity of 37% and a temperatuxe of 27°C. Humidity was not measured in

this work and the results were not compensated for atmospheric attenuation.
5 DISCUSSION OF RESULTS
5.1 Presentation of predicted and maasured sound pressure levels

Sound pressure levels (re 2.0E-5 N/m?) have been presented within each 4

octave band across a 100 Hz to 20 kHz freguency range.

Sound pressure levels at various distances from a sound source, which obey
the inverse square law, will lie on a straight line of slope equal to ~20 dB/log &
unit when plotted against distance from the source on a log scale. In order to
compare the rate of decay of levels which obey the inverse square law, and the
rate of decay of measured levels, straight lines of slope -20 dB/log r unit were
drawn through a point on the measurxed cuxve which lay on the straightest portion

of the cuxve.

In orxder to distinguish easily between measured sound pressure levels which
correspond to the different frequency bands, measured sound pressure levels were

offset to give a 5 dB spacing between the predicted lines.
5.2 Overall trends

Fig 13 shows measured sound pressure levels plotted against distance from
the source for the eight microphone traverses extending from the Isotropic Sound
Source. Measurement points at which deviation of sound pressure level from the
ideal straight line exceeds the British Standard tolerance (ie %1.0 dB in the
frequency rxange 800 Hz to 5 kHz and *1.5 dB outside this range) are largely
restricted to levels measured .above 1.6 kHz and below 400 Hz. Above 1.6 kHz,
measurements are influenced by the near field at the source out to distances of
about 1 m from the source. Below 400 Hz, measurements are influenced by the
reverberant field close to the chamber wall, which starts to influence measure-
ments at points further than 0.5 m from the source. Between 400 Hz and 1.6 kHz,
measured levels at points on all eight traverses decay in strict accordance with

the inverse square law.
5.3 Near field and reverberant £field criteria

Fig 14 shows the results presented in Fig 13 but includes curves represent-
ing a near field criterion at the source and a reverberant field criterion at the
chamber wall. These criteria are cited in BS 4196. The criterion, = = 2D ,
bounds points which lie a distance 2D from the source, where D is the largest
source dimension.- The criterion, s = A/4 bounds points which lie less than A/4
from the wedge tips at the chamber walls where A is the acoustic wavelength at
™ MS 1136
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the centre frequency of the meusurement band. The results obtained in this work
imply that both the near field effects at the source, and the reverberant field
effects at the chamber walls, significantly exceed the bounds given by these
guidelines.

Fig 15 again shows the me%sured sound pressure levels plotted against dist-
ance from the source, tut includes optimum criteria for the source and chamber
tested in this work. The reverberant field at the chamber walls evidently extends
out to half an aconustic wavelength. It should be noted however that the distri-
bution of the reverberant field at the chamber walls is influenced by the location
of the source in the chamber!®., The source was positioned 0.4 m from the centre

of the 3.6 by 4.8 by 4.1 m chamber so lay close to the chamber centre.

Background relating to the critorion shown in Fig 15 bounding the near field
at the source has been presented by Maleckil?, Junger and Feitl2?, and Morphey!3.

5.4 Lower £requeacy limits

Fig 16 shows measured sound pressure levels plotted against distance from
the source for frequencies up to 1 kHz. Also indicated on the graphs are three
lines representing minimum distances from the source at which points lie 1.5, 1.0
and 0.5 m from wedge tips at a chamber wall. Evidently the minimum frequency at
which levels lie within the British Standard tolerance is 125 Hz for points 1.5 m
or more from the wall, 400 Hz for points 1.0 m or more from the wall, and 500 Hz

for points 0 5 m or more from the wall.

It should be noted however that a guideline commonly quoted in the scien-
tific literature states that a microphone should not lie within an acoustic wave-
length of the source. Although this guideline is net applicable to the Isotropic
Sound Source tested in this work, it is applicable to certain types of source.
The physics on which this guideline is based is described by Peterson and Grossld,
In satisfying this requirement and minimum distances from the chamber walls, for
sources placed centrally in the 3.6 by 4.8 by 4.1 m chamber, measurements to
within 1.5 dB are only possible at frequencies above 500 Hz.

5.5 Higher frequency 1limits

Figs 17 and 18 show sound pressure levels plotted against distance from the
source measured using the 1 inch dome speaker and the Reference Sound Souxce
respectively., Measurements relating to the 1 inch dome speaker were for fre-
quencies above 400 Hz because of the speaker's inefficiency at low frequencies.
High levels of measared sound pressure level close to the Aerodynamic Reference

Sound Source, at frequencies less than 1 kHz, wexc found to be due to flow noise

™ MS 1136
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over the microphone. This was detected by covering the microyhone with a B&K Foam
Windscreen and noting reductions in measured levels. Most significantly however,
both sets of results indicate that sound level measurements, to within 1.5 dB, can

be made in the chamber up to 20 kHz.
6 CONCLUDING REMARKS

Zones over which microphones may be placed in an anechoic sound chamber for
the accurate measurement of souxce sound power and directivity have been clearly
highlighted by means of noting how measured sound pressure levels decrease with

increasing distance from a sound source.

Results indicate that measurements maybe made to within 1.5 dB at fie-
quencies down to 125 Hz, so long as microphones are not placed within 1.5 m of any
chamber wall., Measurements to within this accuracy can be made down to a fre-
quency of 400 Hz, so long as microphones are not placed within 1 m of any wall,
and down to a frequency of 500 Hz, so long as microphones do not lie closer than
0.5 m to a wall.

In addition to placing microphones a certain distance away from the chamber
walls, areas close to the source usually have to be avoided. This will further

limit the lower frequency.

With regards to an upper frequency limit, measurements to within 1.5 dB can
be made up to 20 kHz.

The results of this work also show that care needs to be taken in inter-
preting the guidelines in BS 4196. These guidelines are inadequate for placing

microphones close to certain types of source and wall lining.
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Fig 4

Directional characteristics of the Isotroplc Sound Source at 5 kHz
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Fig 5

Flg 5 Directional characteristics of the 1 inch dome speaker at § kHz
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